I. INTRODUCTION
Rice is the primary food for more than one-half of the world's population (He et al., 1999; Brar and Khush, 2002; Sabouri et al., 2012) , with approximately 95% of production located in Asia . Fragrance or aroma is regarded as one of the most significant characteristics of rice grain quality. However, these quality features are complex due to the triploid essence of the endosperm and the influence of the environment on their expression (Amarawathi et al., 2008) . A pleasant aroma and strong aromatic expression play a remarkable role in the marketing of rice and its acceptance by consumers (Sakthivel et al., 2009b) . Aromatic rice is gaining popularity among consumers around the world , particularly in the Middle East (Cordeiro et al., 2002) and Western communities (Dong et al., 2001; Bourgis et al., 2008) . Aroma characteristics have been determined in at least three of the distinguished genetic subpopulations of rice, including (i) Group V (Sadri and Basmati), (ii) indica (Jasmine), and (iii) tropical japonica (Kovach et al., 2009) .
Most influential developments in the area of plant volatiles have been the result of progress using molecular and biochemical methods to produce a clear and comprehensive understanding of the biosynthesis and function of plant volatiles (Dudareva et al., 2006) . Furthermore, capillary gas chromatography-mass spectrometry (GC-MS) enables determination of the complicated array of secondary plant components (Metcalf and Kogan, 1987) . The biochemical foundation of aroma indicates the existence of different volatiles in aromatic rice (Sakthivel et al., 2009b) . Among these volatiles, 2-acetyle-1-pyrroline (2AP) has been identified as the major aroma compound (Mahalingam and Nadarajan, 2005; Fitzgerald et al., 2009; Jewel et al., 2011) and can be found in leaf and seed tissues (Kadaru, 2007) . Although several studies have demonstrated the existence of this substance in all aromatic rice varieties (Kovach et al., 2009; Vazirzanjani et al., 2011) , the biochemical pathways of its synthesis are unknown (Sakthivel et al., 2009b) . This article has extensively reviewed the updated knowledge associated with the biochemistry, QTL and gene mapping and MAS of rice aroma.
II. CHEMISTRY OF FRAGRANCE
Investigation of volatile compounds in cooked rice from different varieties has been considered a controversial issue (Jezussek et al., 2002) . Chemical evaluations of a vast number of rice cultivars have revealed several substances that differ in concentration among aromatic and non-aromatic rice cultivars (Yajima et al., 1978; Yajima et al., 1979; Buttery et al., 1986; Paule and Powers, 1989; Grosch and Schieberle, 1997; Wilkie et al., 2004; Bradbury, 2009) . Hexanal, (E,E)-deca-2,4-dienal, ACPY, nonanal, decanal, (E)-non-2-enal, 4-vinylphenol, octanal, and 4-vinyl-2-methoxyphenol were the most significant volatiles among the 64 recognized odors contributing to the aroma of cooked rice (Buttery et al., 1988) . Later, more than 200 volatile compounds in various varieties of cooked rice were found (Jezussek et al., 2002) . Other researchers have revealed over 100 volatile flavor components including alcohols, ketones, esters, acids, pyridines, phenols, aldehydes, pyrazines, hydrocarbons and other substances, in cooked rice (Lang and Buu, 2002; Amarawathi et al., 2008; Lang and Buu, 2008; Kovach et al., 2009) , and more than 300 volatiles were recognized from different cultivars of aromatic and non-aromatic rice .
2AP is believed to be the main aroma compound in rice and was the primary character reported to influence the aroma trait in black rice (a specialty fragrance rice popular in Asia) , Asian brown rice (Jezussek et al., 2002) , Thai Jasmine rice KDML105 (Khao Dawk Mali 105) (Mahattanatawee and Rouseff, 2010; Lestari et al., 2011) , and the Pandanus amaryllifolius leaf. The taste of some foods, such as cheese, popcorn, baguettes, corn tortillas, ham, green tea, wine, and mung bean, is attributed to the presence of 2AP (Bradbury, 2009) . However, apart from 2AP, different volatile odorant substances contribute to fragrance, such as guaiacol, indole, and p-xylene . Some studies have indicated that the rise of hexanal, pentanal, and propanol during storage is responsible for the stale taste of cooked rice (Lang and Buu, 2008) ; moreover, the 2AP content of rough rice decreases during storage (Champagne et al., 2010) .
The 2AP compound is generated in the entire rice plant, except for the roots, and has a low odor detection threshold (Sakthivel et al., 2009b; Yi et al., 2009) . In fragrant rice, the 2AP concentration is 10 to 15 times higher than in non-fragrant rice (Lestari et al., 2011) . Aromatic rice varieties include 0.04-0.09 ppm 2AP, whereas non-aromatic varieties have 10x less (<0.006-0.008 ppm) (Champagne, 2008) . In addition, besides 2AP, Mahattanatawee and Rouseff (2010) identified 2-acetyl-2-thiazoline (2AT) as another compound that impacts volatiles in cooked jasmine rice (KDML). However, the aroma intensity of 2AT in cooked jasmine rice was approximately one quarter as intense as the main aromatic compound 2AP (Mahattanatawee and Rouseff, 2010) .
III. EFFECT OF ENVIRONMENTAL FACTORS
The quantity of aroma in rice is affected by both genetic and environmental elements (Golam et al., 2010; Jewel et al., 2011) . As Tava and Bocchi (1999) claimed that 2AP highly exists in Italian and Basmati rice, most likely due to the differences in genotype, environment, and genotype × environment interaction. Fragrance is mainly controlled by a major gene, but the environmental conditions and cultivation practices could easily influence the intensity of fragrance or the concentration of 2AP in rice (Yi et al., 2009) . For instance, the Basmati variety seems to contain stronger aroma if the day temperature remains cool (25-32
• C) and overnight (20-25
• C) during the cultivation period, with approximately 70-80% humidity in the grain-filling and primordial phases (Itani et al., 2004; Yi et al., 2009; Golam et al., 2010) . Pusa basmati rice grown in rainy weather contained 0.030 ppm 2AP, whereas it has no perceivable 2AP during the summer (Nadaf et al., 2006; Yi et al., 2009 ). In addition, the level of 2AP is higher in plants exposed to water stress because of the contribution of BADH with stress tolerance (Bradbury et al., 2005a) .
A large range of 2AP concentrations has been found in several rice cultivars. The variation in 2AP concentration may be due to the different extraction procedures for 2AP quantification, the cooking approach , the soil type Yi et al., 2009) , cultural practices (Bhattacharjee et al., 2002; Yi et al., 2009) , environmental impacts such as salt stress, drought and temperature (Itani et al., 2004) , the duration and conditions of storage, the time of harvest (Itani et al., 2004; Wongpornchai et al., 2004; Yoshihashi et al., 2005; Yi et al., 2009) , the level of milling , level/timing of nitrogenous fertilizer applied to growing plants (Bradbury, 2009 ) and the flowering time (Yi et al., 2009) .
IV. GENETIC BASIS OF FRAGRANCE
The availability of the rice whole genome sequence opened new windows for the identification and mapping of QTLs conferring the aroma trait (Goff et al., 2002; Sarhadi et al., 2008) . Genetic analyses have repeatedly revealed that the primary fragrance trait is controlled by recessive monogenic inheritance, independent of cytoplasmic genes (Table 1) . On the other hand, aroma has also been studied as a quantitative trait and many genes are included in its expression in rice (Hien et al., 2006) . These opposing reports indicate the complex genetic control of the aroma trait (Sakthivel et al., 2009b) . More recently, molecular mapping of the fgr gene with different markers has been reported by various authors (Table 2) . Until now, several researchers have presented markers highly associated with the fgr locus (Table 3) . Chen et al. (2006) , after mapping and finemapping, successfully limited the fgr gene to a 69 kb interval.
By sequence analysis, QTL mapping, fine mapping and complementation testing, the badh2 locus of rice constituting the fgr gene has been recognized as a major genetic determinant of fragrance (Bradbury et al., 2005a; Kovach et al., 2009; Yi et al., 2009; Fitzgerald et al., 2010; Siddiq et al., 2012) . The fgr gene is located on the long arm of chromosome 8 Amarawathi et al., 2008; Asante et al., 2010; Jewel et al., 2011; Siddiq et al., 2012) and codes for the enzyme BADH (Amarawathi et al., 2008; Mahdav et al., 2009) . Two null fragrant recessive alleles exist in rice , badh2-E7 (involving the largely known Basmati and Jasmine types) (Kovach et al., 2009; Kiani, 2011) with an 8 bp deletion (Chaut et al., 2010) and three single nucleotide polymorphisms (SNPs) in the 7th exon (Roy et al., 2012; Saha et al., 2012) and badh2-E2 with a sequence identical to the badh2 allele but containing a 7 bp deletion in the 2nd exon ( Figure 1 ) Shi et al., 2008) . Both null badh2 alleles contribute to rice flavor (Bourgis et al., 2008; Shi et al., 2008) . So far, no distinction has been observed between these two null badh2 alleles with regard to producing rice scent and influencing its yield. Hence, it is possible that both can be employed in breeding for scented rice varieties . In addition to the recognized BADH2 gene, BADH1, a homolog of BADH2 (Os04 g39020; 92% homology) (Bourgis et al., 2008) , has been mapped on chromosome 4 in rice. BADH1 has been shown to be involved in stress tolerance, but its role in aroma is not yet confirmed (Bradbury et al., 2005a; Hasthanasombut et al., 2011a; Hasthanasombut et al., 2011b; Juwattanasomran et al., 2011) even though it has a similar molecular function as the badh2 gene (Amarawathi et al., 2008) . Additionally, two other genes coding recognized BADHs have been observed on chromosome 7 . However, there are conflicting observations with regard to the fragrance gene in terms of the number of genes, the nature of inheritance and the genetic loci involved (Rani et al., 2006; Sakthivel et al., 2009b) . Seemingly conflicting reports have suggested the possibility of control by several genes (either dominant or recessive) for rice aroma. These possibilities include one major QTL on chromosome 8 and two minor QTLs on chromosomes 3 and 4 (Amarawathi et al., 2008) , two to three recessive or dominant genes (Reddy and Reddy, 1987) , two recessive genes (Vivekanandan and Giridharan, 1994; Mahalingam and Nadarajan, 2005; Hien et al., 2006) , one major QTL located on chromosome 8 and two minor QTLs on chromosomes 4 and 12 (Lorieux et al., 1996) , a single dominant gene (Kuo et al., 2005) , a dominant suppression epistasis interaction between two genes (Chaut et al., 2010) and an interaction between two genes (complimentary gene action) (Chaut et al., 2010) . Contradictions between results may emerge from various rice varieties examined (Bradbury, 2009) , incorrect evaluation of the endospermic trait in F 2 populations, issues contributing to segregation distortion in backcross or double-haploid populations (Cordeiro et al., 2002; Sakthivel et al., 2009b) and various approaches employed for fragrance determination (Bradbury, 2009) , including unreliable and cumbersome phenotyping approaches (Sakthivel et al., 2009b) .
V. BIOSYNTHETIC PATHWAY OF 2AP
The biochemical pathway resulting in 2AP in rice is still being explored (Asante et al., 2010) . Vanavichit et al. (2005) reported that the polyamine pathway synthesizes 2AP. L-proline is a precursor of 2AP , but there are conflicting observations with regard to the origin of pyrroline (Sakthivel et al., 2009b) . Pyrroline in higher plants accumulates readily under osmotic stress (Bourgis et al., 2008) .
The fgr gene could play a significant role in elucidating the metabolism of 2AP formation (Chen et al., 2006; Sakthivel et al., 2009b) . The only inhibitor for 2AP synthesis is a complete protein encoded from the full-length transcript of BADH2 (Srivong et al., 2008; Kovach et al., 2009; Juwattanasomran et al., 2011) . The most likely biosynthetic pathway of 2AP is via γ -aminobutyraldehyde (AB-ald) (Bradbury et al., 2008) . The oxidation of AB-ald (a 2AP precursor) is catalyzed by the BADH2 protein and AB-ald is converted to 4-aminobutyric acid (GABA) (Fitzgerald et al., 2010; Hasthanasombut et al., 2011b) that performs a number of functions in plants, for instance cooperation in the reaction to abiotic stress (Fitzgerald et al., 2010) . Whereas, a non-functional allele leads to the agglomeration of both AB-ald and its cyclic form, 1 -pyrroline, leading to increased 2AP synthesis (Kovach et al., 2009; Fitzgerald et al., 2010) by reacting with an acetyl group (Figure 2 ) (Hofmann and Schieberle, 1998; Adams and De Kimpe, 2007; Bradbury et al., 2008; Fitzgerald et al., 2010) . L-proline was demonstrated as the nitrogen source for 2AP; however, the carboxyl group of L-proline is not the carbon source for the acetyl group (Yoshihashi et al., 2002) . Quantities of the BADH2 transcript were five times higher than BADH1 transcript in the growing and mature seeds and leaves from non-aromatic rice varieties. Hence, aromatic rice contains a considerably decreased amount of intact BADH-encoding transcript compared to non-aromatic varieties (Fitzgerald et al., 2010) . The functional OsBADH proteins includes two sequences of peptide, VSLELGGKSP and EGCRLGSVVS, and a cysteine residue (28 amino acids residues away from VSLELGGKSP) in the 8th, 10th, and 9th exons, respectively, which are highly preserved in aldehyde dehydrogenases. These conserved sequences are necessary for functional activity of OsBADHs (Bradbury et al., 2005a) .
The betaine aldehyde dehydrogenase (BADH) enzyme is the central enzyme for glycine betaine biosynthesis (Bradbury et al., 2005a; Shi et al., 2008 ) (color figure available online). (Hasthanasombut et al., 2011b) . In plants, betaine is synthesized via the two-stage oxidation of choline by the intermediate betaine aldehyde and catalyzed by choline monooxygenase and BADH (Kuo et al., 2005; Hasthanasombut et al., 2011a) . The pathway of betaine synthesis from BADH relates L-glutamate to serine and glycine that are connected to 5-aminolevulinic acid (ALA). The synthesis of 1 -pyrroline 5-carboxylate (P5C) from L-glutamate is catalyzed by enzymes in different ways. Particular enzyme activities of 1 -pyrroline-5-carboxylic acid-synthetic enzyme involving 1 -pyrolline-5-carboxylic acid synthetase (P5CS) and ornithine aminotransferase (OAT) notably were increased in aromatic rice varieties compared to non-aromatic rice. The up-regulation of P5CS in aromatic rice might be associated with the rise of 1 -pyrroline-5-carboxylic acid, thus resulting in the accumulation of a high amount of 2AP . P5C is a precursor of aroma in rice and an intermediate in the biosynthesis and degradation of L-proline. Proline is synthesized from glutamate, arginine and ornithine. Glutamate is converted to GABA directly by GAD (glutamic acid decarboxylase) (Kuo et al., 2005; Fitzgerald et al., 2010) . Therefore, there is an indirect connection between BADH and 2AP (Kuo et al., 2005) . The examination of the expression level of 1 -pyrroline-5-carboxylate synthetase and the enhanced concentration of its product among fragrant and non-fragrant varieties revealed that 2AP is produced by the direct reaction of 1 -pyrroline-5-carboxylate with methylglyoxal independently of BADH2 (Figure 2) (Sakthivel et al., 2009b) . Further research is required to connect the genetic and chemical studies of fragrant rice varieties, particularly with regard to the carbon source of the acetyl group in 2AP. Furthermore, this might reveal the main enzymes that are engaged in its formation (Yoshihashi et al., 2002) . (Fitzgerald et al., 2010) , ii) Biosynthesis of 2AP, independent of BADH2 Sakthivel et al., 2009b) . ADC: arginine decarboxylase; DAO: diamine oxidase; GAD: glutamic acid decarboxylase; ODC: ornithine decarboxylase (color figure available online).
VI. MUTATIONS IN Badh2 GENE
An 8 bp deletion (5 -GATTATGG-3 ) (Bradbury et al., 2005a; Shi et al., 2008) and 3 SNPs in the 7th exon (Chaut et al., 2010; Roy et al., 2012; Saha et al., 2012; Siddiq et al., 2012; Shao et al., 2013) and a 7 bp deletion in the 2nd exon (Shao et al., 2013) of the gene coding BADH2 on rice chromosome 8 are the molecular and genetic reasons for the aroma characteristic. The deletion causes a loss-of-function of BADH2 due to the establishment of a premature termination codon leading to a truncated 251-amino acid BADH and the accumulation of 2AP , whereas the intact BADH2, containing 503 amino acids, encoded by the functional Badh2 gene inhibits 2AP biosynthesis . The obvious loss of function of BADH2 seems not to restrict the development of scented rice genotypes (Bradbury, 2009) and may even have a positive impact under some environmental circumstances (Yoshihashi et al., 2004; Bradbury et al., 2005a) . It is possible that any mutation that renders the Badh2 gene non-functional would lead to a new badh2 allele because a null function badh2 gene largely controls rice aroma.
In addition to the 8 bp deletion in the fgr gene as the cause of 2AP synthesis, Fitzgerald et al. (2008) suggested the possibility of at least one other mutation, such as a 7 bp deletion in exon 2 or mutation in gene(s) other than badh2 (Prathepha, 2009) . Moreover, some varieties of rice without the null badh2.1 allele presented elevated 2AP levels. Thus, it seems there are additional aroma-causing alleles of BADH2. Indeed, eight extra null functional alleles of BADH2 contributing to aroma in different rice accessions have been described (Kovach et al., 2009) . One of them is a SNP producing an early termination codon and four are frameshift-inducing indels. The other three potentially functional mutations consist of two SNPs and a 3 bp addition in the coding sequence. Furthermore, Kovach et al. (2009) discovered two scented rice accessions in the absence of any mutations in the promoter or coding areas that might change BADH2 or its expression. On the other hand, a T deletion in the 6th intron in Dudheswar and Shantibhog, two non-fragrant lines, and a G/T SNP in the same intron in Masino, non-fragrant line, have been observed (Roy et al., 2012) . Besides the 8 bp deletion in the 7th exon, a number of separate variations of badh2 were characterized in various aromatic cultivars and in the three non-fragrant cultivars (Figure 3 ).
VII. AMBIGUITIES OF FRAGRANCE
Despite using different methods to study rice fragrance, there is no agreement about how aroma is inherited (Nematzadeh et al., 2004) or about the evolution and origin of the BADH2 gene (Kovach et al., 2009) . It can be claimed that three decades of research has not been comprehensive enough to solve the relationships between the many volatile components and fragrance (Champagne, 2008) . However, it is worth mentioning that apart from 2AP as the main aromatic compound, 2AT has been identified for the first time as a character that impacts volatiles leading to fragrance in cooked jasmine rice (Mahattanatawee and Rouseff, 2010) . According to Kovach et al. (2009) , despite multiple genetic and geographic sources of the aroma characteristic, badh2.1 is the single predominant allele in all aromatic rice lines involving the known Jasmine and Basmati varieties. However, there are various reasons to claim that BADH2 is not the only gene controlling the aroma feature in rice because (i) there are some varieties conditioned by a single dominant locus but include the elimination of BADH2 (Bradbury et al., 2005a) ; (ii) the deletion of the BADH2 gene is not common to all rice varieties with an aroma, as the deletion has not been observed in some fragrance rice cultivars (Navarro et al., 2007; Fitzgerald et al., 2008; Sakthivel et al., 2009b) ; and (iii) some earlier studies indicate that aromatic rice of various origins may have different mechanisms (Kuo et al., 2005) . Furthermore, it has been assumed that the pleasant flavor of some varieties may be controlled by other genes instead of badh2 (Sakthivel et al., 2009a) , as several genotypes have been found to be without known deletions and contain a negligible amount of 2AP with greater levels of other fragrance components, such as 4-vinyl-2-methoxy phenol and benzyl alcohol (Muralidhara et al., 2006; Sakthivel et al., 2009a) .
Recently, conflicting reports have demonstrated the intricacy of the genetic nature of the inheritance of fragrance in rice and the location of the underlying gene(s) (Bourgis et al., 2008; Yi et al., 2009; Chaut et al., 2010) . Even though considerable studies have revealed a single recessive gene for aroma, different evidence is available regarding QTLs controlling aroma and the inherent nature (dominant or recessive) of this character (Amarawathi et al., 2008; Sakthivel et al., 2009b; Chaut et al., 2010) . This issue has made the genetic basis of rice fragrance more complicated. These arguments indicate that neither 2AP nor badh2 alone could cause fragrance and reveal the participation of other gene(s) or loci (Sakthivel et al., 2009b) and the existence of other volatile compounds affecting the aroma characteristic.
VIII. MARKER ASSISTED SELECTION
Several sensory (such as tasting individual grains) and chemical approaches (such as smelling grains or leaf tissue after reacting with KOH or I2-KI, placing tissue in hot water, gas chromatography) have been used to help breeders select aromatic rice, but the assessment of aroma utilizing these approaches is complicated, inconsistent and labor intensive (Reinke et al., 1991; Widjaja et al., 1996; Semagn et al., 2006) . Hence, rice breeders require an easy and cheap assay to select aromatic plants in segregating generations (Mahdav et al., 2009; Kiani, 2011; Singh et al., 2011) .
For aroma, the implementation of MAS is a significant supplement to traditional approaches (Jewel et al., 2011; Kiani, 2011) , altering the selection process directly or indirectly from phenotype to genes (Collard et al., 2005; Lang and Buu, 2008; Kiani, 2011) . Marker assays are cheap, simple, and rapid (Cordeiro et al., 2002; Mahdav et al., 2009 ) without environmental effects on the phenotype Xu and Crouch, 2008; Bradbury, 2009; Asante et al., 2010) .
A molecular marker for grain fragrance was first observed by Ahn et al. (1992) . The genomic clone RG28, a RFLP marker, was tightly linked to the fragrance locus on rice chromosome 8 at a genetic interval of 4.5 cM (Ahn et al., 1992; Lorieux et al., 1996) . RG28 can be changed by sequencing into a STS (sequence tagged site) marker and utilized as a marker for the PCR of genomic DNA from rice varieties differing in their aroma (Lang and Buu, 2010) . Using this locus, different PCR-based co-dominant markers were developed that can (Bourgis et al., 2008) , (b) a 2 bp deletion in the first exon (Kovach et al., 2009) , (c) a 7 bp deletion in the 2nd exon Kovach et al., 2009), (d) three SNPs and an 8 bp deletion in the 7th exon (Bradbury et al., 2005a; Chaut et al., 2010; Roy et al., 2012; Saha et al., 2012) , (e) one FNP in the 7th exon (Kovach et al., 2009) , (f) a 7 bp addition in the 8th exon (Amarawathi et al., 2008) , (g) a 1 bp addition in the 10th exon (Kovach et al., 2009) , (h) a 1 bp deletion in the 10th exon (Kovach et al., 2009) , (i) one SNP in exon 10 (Kovach et al., 2009) , (j) a repeated (AT)n addition in the 4th intron and a TT deletion in the 2nd intron , (k) two SNPs in the meddle segment of the 8th intron (Sun et al., 2008) , (l) one SNP in the 13th exon (Kovach et al., 2009) , (m) a 1 bp addition in the 14th exon (Kovach et al., 2009) , (n) a discontinuous 5 + 3 bp deletion and a SNP in the 7th exon (Amarawathi et al., 2008) , (o) one SNP in the 14th exon (Kovach et al., 2009) , (p) a T/A SNP in the 8th exon (Roy et al., 2012) , (q) a T deletion in intron 6 in the two non-fragrant lines (Dudheswar and Shantibhog) (Roy et al., 2012) , (r) a G/T SNP in intron 6 in the non-fragrant line (Masino) (Roy et al., 2012) , (s) a 3 bp insertion in the 13th exon (Kovach et al., 2009) , and (t) an T/A SNP and a AT addition in the 8th exon (Roy et al., 2012) (color figure available online). discriminate between aromatic and non-aromatic rice cultivars (Lang and Buu, 2002; Jin et al., 2003; Mahdav et al., 2009) . However, these markers were also physically placed away from the gene, which limits their use in MAS. However, Bradbury et al. (2005a) revealed that the fgr gene has important polymorphisms in the coding region (8 bp deletion in the 7th exon). Using these polymorphisms, a four marker-multiplex PCR assay was promoted as a "perfect marker" for fragrance (Bradbury et al., 2005a) . Moreover, Sakthivel et al. (2009a) suggested a functional co-dominant marker, BADEX7-5, for large scale and routine aroma genotyping. However, easy-to-use flanking SSR markers are also important for selecting small introgressions during MAS. Therefore, the best marker for routine MAS would be a SSR (simple sequence repeat) marker closely linked to the aroma gene as it will have the benefits of both SSR and functional markers (Mahdav et al., 2009; Sakthivel et al., 2009a) . A rice microsatellite map with more than 500 markers is now accessible Temnykh et al., 2001; Pal et al., 2004) . Hence, many researchers have suggested identifying markers connected to the fgr locus to help in distinguishing between fragrant and non-fragrant rice lines for MAS (Table 3) .
Earlier reports showed that SSR markers (Chen et al., 1997; Garland et al., 2000) , which were selected near the RG28 locus, had several recombinants in linkage analysis. This result could be associated with the wider physical interval (1.3 Mb) of these markers from the BADH2 gene. The ARSSR-3 marker is an alternative to the earlier allele-specific multiplex markers and has been closely linked (0.3 cM) to the fragrance locus. Additionally, this marker has been reported for common application in breeding systems planned for marker assisted introgression of the aroma trait into the genetic background of elite lines (Mahdav et al., 2009) . Chen et al. (2006) mapped the fgr locus between RM3459 and RM8264 with a physical interval of ∼800 kb. The fgr area was then saturated with a high density of markers by exploiting sequence varieties between japonica and indica rice subspecies, and after mapping, the fgr gene was confined to a distance of 69 kb flanked by the right marker L06 and the left marker L02. Moreover, the allele specific amplification (ASA) marker was feasible in MAS for the selection of plants being homozygous for the aroma gene (Bradbury et al., 2005b; Kiani, 2011) . Bradbury et al. (2005b) promoted a single tube allele specific amplification assay which permits the discrimination between aromatic and non-aromatic rice (Semagn et al., 2006) . Furthermore, a capillary electrophoresis (CE) system has been used for the high-throughput analysis of functional markers for MAS in rice. CE is optimal for the precise screening of various genotypes for fgr. More than one functional marker (FM) with allele size differences of at least 50 bp can be screened in a single-tube assay using multiplex FMs and CE. Therefore, the CE system guarantees more accuracy than slab-gel approaches. Out of 29 genotypes in the BC 1 F 3 generation, 16 plants were homozygous for fgr. These homozygous lines can be used as potential donors in rice breeding (Salgotra et al., 2011) . MAS has been successfully using for the improvement of aromatic rice. For instance, Jin et al. (2010) developed the quality features of the II-32B cultivar using marker aided selection and identified 17 aromatic breeding lines. Additionally, the quality traits of the Manawthukha cultivar were promoted by marker assisted backcrossing (MABC), using Basmati 370 as a donor (Yi et al., 2009) . Furthermore, 12 aromatic BC 4 F 2 lines with valuable agronomic features were developed (Kiani, 2011) . Singh et al. (2011) , consistent with previous studies, suggested the progress of improved Pusa Basmati 1 and the improved versions of PRR78 successfully utilizing MAS.
The benefits of MAS in breeding include developing the efficiency of backcross breeding goals, gene pyramiding for features of interest and incorporating target QTL into breeding plans (Collard et al., 2005; Francia et al., 2005) . MABC is one of the most anticipated and cited advantages of molecular markers, as an indirect selection instrument in breeding programs (Semagn et al., 2006) , and provides an opportunity for the accurate transfer of valuable donor segments by minimizing the linkage drag into a recurrent parent (Singh et al., 2011) . Of course, the complicated genetic basis of fragrance has also been proven by breeders, who state that transferring the aroma trait by MAS does not always produce recipient varieties with high aroma expression (Bourgis et al., 2008) .
IX. CONCLUSIONS
Fragrant rice is highly appealing to human beings; consequently, its global market value is tremendously increasing. Therefore, aroma is considered a prominent characteristic for numerous breeding programs. Although 2AP is the major fragrant compound in aromatic rice, a range of volatile components, possibly different from 2AP-associated fragrance, gives every variety its own unique aroma. However, very little information is available about the association of these volatiles with aroma.
Microsatellite marker analysis is a promising approach to explore principal QTLs for aroma; therefore, it is beneficial for rice breeders to expand new aromatic rice varieties. Alternatively, marker-assisted selection can decrease the expenses and significantly accelerate the introgression of the fragrance gene to the target rice varieties. Along with the development of new technologies, a number of tools and novel markers are already accessible for the accurate genetic mapping and high-resolution sequencing of the genome for a comprehensive genomic analysis regarding the function and structure of rice. Nevertheless, there are some unresolved and ambiguous issues regarding the genetic basis of fragrance, and there is also little information about the biochemical pathway of rice aroma. Consequently, identifying the most important genes underlying the fragrance trait seems troublesome. Therefore, there is a need to further map saturated markers in candidate chromosomal regions to identify both major and minor genes controlling rice aroma. Furthermore, progressive metabolomic and genomic methods, comparative mapping, and investigation of the expression levels of differentially regulated genes between fragrance and nonfragrance lines are essential to clarify the evolution and molecular aspects leading to the effective exploitation of aromatic rice. Of course, for a deeper understanding, both genetic and environmental factors that may affect this important trait should be considered.
